Nanorods in nanotechnology called a specific type of morphology of nanoscale materials that their dimensions range is from 1 to 100 nm. Nanorods can be synthesized from metal or semi-conductive material with a surface to volume ratio of 3-5. One method of making nanorods is direct chemical method. Ligands compounds as a shape control agents cause growth the nanorods and create stretched and extended modes of them. In recent years, magnetic nanorods are one of the nanorods that have been raised in the field of nano medicine [Nath S, Kaittanis C, Ramachandran V, Dalal NS, Perez JM. Synthesis, magnetic characterization, and sensing applications of novel dextran-coated iron oxide nanorods. Chem Mater. 2009;21:1761-7.]. Superparamagnetic properties of magnetic nanorods causes to sensing be done with high accuracy. In addition, other applications of magnetic nanorods are in the field of separation and treatment [Hu B, Wang N, Han L, Chen ML, Wang JH. Magnetic nanohybrids loaded with bimetal core-shell-shell nanorods for bacteria capture, separation, and near-infrared photothermal treatment. Chemistry. 2015;21:6582-9.]. Therefore, in biomedical applications, the nanorods are used usually with biological molecules such as antibodies [Schrittwieser S, Pelaz B, Parak WJ, Lentijo-Mozo S, Soulantica K, Dieckhoff J, et al. Homogeneous protein analysis by magnetic core-shell nanorod probes. ACS Appl Mater Interfaces. 2016;8:8893-9.]. For this purpose, in the present work we will try to introduce magnetic nanorods and mention their different methods of synthesis and applications.
Introduction
Magnetic nanorods were in the spotlight over the last two decades. The magnetic materials from centuries past to the present have shown wide applications in the fields of manufacturing [1] . Due to the advantages of magnetic nanorods, they can be used in some applications, such as biomedical [2] . Classification of magnetic nanorod is based on magnetic intensity which is defined as the amount of external energy required for inversion of magnetization or more accurate; the magnetic field required to overcome the energy barrier in the magnetic moment. On the other hand, some of the magnetic nanorods have shown a high magnetic coercivity that are ideal for the design of magnetic memory [3] . These nanorods, called hard magnetic nanorods that is said to materials such as iron, cobalt and stable spinel ferrite. This material are used as as a result of the low driving fields. The magnetic nanorods have improved storage capacity in comparison to conventional components which leads to an increase in demand in the information and communication industry [4] . So, by reducing the size, we saw an increases in the production of flexible components. Resistivity and high magnetic permeability of magnetic nanorods have caused them to use in electronic components, microwave components, sensors, and in energy storage [5] . In addition to the above, one of the most important applications in nanostructured magnetic nanorods is related to the field of biomedical that the following discussion will refer to this issue. The word superparamagnetic is used to describe the absence of coercivity or residual magnetization in the number of particles that their spins are under the influence of an external magnetic field [6] . In this regard, due to the small size and zero magnetization in the absence of field, superparamagnetic nanorods also used in biomedicine [7] . Among other uses of magnetic nanorods is in diagnostic techniques and biological separation. Tissue is detected with an external magnetic field when targeting molecules are near to nanocrystals [8] . Magnetic properties of nanorods are chemical stability, biocompatibility and superparamagnetic features to achieve Pooria Gill is the corresponding author. ©2017 Walter de Gruyter GmbH, Berlin/Boston. the desired goal. Magnetic nanocrystals with more magnetic moments are more favourable to improve the performance of components but some of the metal nanorods show more chemical stability and toxicity compared to other similar oxides despite having these characteristics.
During the past decade, one of the importance of magnetic nanorods is applications in biomedical. Common goals in materials science research include: achieving higher levels of coercivity and reducing the size of magnetic nanorods for storing information or faster magnetic response in biomedical processes. These issues can be determined by considering the finite size effects of spherical nanocrystals and different shapes of rod like nanoparticles. The main purpose of this review is study of the various physical and chemical methods for synthesis of magnetic nanorods and applications of them in medical sciences. It is expected that the magnetic properties of nanorods differ from spherical shape nanoparticles due to the high surface to volume ratio of magnetic nanorods. So, the difference in the form of magnetic nanostructures leads to different results in their magnetic properties and applications.
Various methods for production of magnetic nanorods Chemical methods
In recent years, one-dimensional nanostructures were in the spotlight due to the electrical, Optical, magnetic and mechanical properties [9] , [10] . Because of these features, these materials can be used in various morphologies such as nanowires, nanorods and nanobelts [11] . The magnetic nanorods which have shown more consideration due to their magnetic properties and often are in α-Fe 2 O 3 , Fe 3 O 4 and γ-Fe 2 O 3 phases of iron oxides [12] . α-Fe 2 O 3 is the most stable phase of iron oxide which is great importance among the other phases and a variety of one-dimensional morphology such as rods, wires and tubes have also been synthesized [13] . There are various chemical methods for the synthesis of magnetic nanorods which include: thermal decomposition [14] , wet chemical [15] , hydrothermal [16] , template mediated [17] , hydrolysis [18] , sol-gel [19] and Co-precipitation [20] . In general, chemical synthesis method involves deposition of soluble nanoparticles. To achieve single-dispersed particles, we need to use Lamr and Dyngar homogeneous deposition model [21] . According to this model, during the deposition of solution in supersaturated state, we see the growth of cores as far as the final size of single particles maintain in dispersed state. We will refer to some of these chemical methods.
Thermal decomposition
This method contains chemical decomposition of the material at higher temperatures. This process happens when the chemical bonds are broken. Thermal decomposition method for synthesis of magnetic nanorods is mainly for metal-organic compounds. For example, acetylacetone in organic solvents (i.e. benzyl ether, ethylene diamine and carbonyl) with active surface materials (i.e. oleic acid, ethyl amine, polyvinylpyrrolidone, Cetyltrimethyl ammonium bromide and hexadecylamine). In this method, the combination of various precursor are used in chemical reaction which determines the final size and morphology of magnetic nanorods. Peng and colleagues from the thermal decomposition method used to control the size and shape of the magnetic nanorods [22] . In addition to the above, with using this method we can with synthesise nanocrystals controlled morphology and very small size distribution (4-45 nm) [23] (Figure 1 ), while FE-SEM images shows a set of rods that are parallel to each other. The diameter and lengths of these nanorod are approximately 50 nm and several hundred nanometers until the several micrometers, respectively. Therefore, the thermal decomposition is a simple and common method for the synthesis of magnetic nanorods. Reports indicate that during the reaction change precursor of iron oxide can not alter the size and shape of raw materials [25] . After synthesis, the precursor of the The images show that the final product is a mixture of particles with different crystalline orientations. As a result, the magnetic properties of iron oxides are stronger than the bulk material, nanoparticles and nanorods. This could be due to interactions between particles in the form of nanorods. However, in this experiment, all products are rod-shaped which implies that this method is suitable for the bulks.
Wet chemical
In this method, a glass chamber used as follows. The precursor (NH4) 2 Fe(SO 4 ) 2 used for the synthesis of magnetic nanorods. First, 2.5 g of (NH4) 2 Fe(SO 4 ) 2 added to left flask, then the flask fill with 60 mL of distilled water.
Ammonia solution with special concentration is in the right flask. When the faucet is opened, ammonia to form of isothermal passed from right to left flask. Solutions are not sustainable and not rotated during distribution but remain at certain temperatures within a specified period of time and cooled at room temperature. The resultant product collected after washing with ethanol and distilled water to separate additional PEG. The final products dried at 333°K temperature ( Figure 3 ).
Figure 3:
Sketches of the glass container where the system is clean to interact with the oxygen. The volume of oxygen in the system is more than the oxygen consumed in the interaction [15] .
TEM morphology of the synthesized samples show forming a core with increasing the pH ( Figure 4A ). Also growth in a certain direction increase by increasing the interaction time. The structure is in the form of nanorods ( Figure 4A-D) . The specified area at the top of each image is an electron diffraction pattern of magnetic materials. It seems that nanorod axis is parallel to the [111] direction ( Figure 4D ). The vibrating sample magnetometer (VSM) image of synthesized samples show that the magnetization is more than 51 emu/g and the coercivity is 910 Oe ( Figure 5 ). 
Hydrothermal
Another chemical method for the fabrication of magnetic nanorods is hydrothermal. In this way, you can see the interaction in liquid-solid phases of soluble that control the size and shape of the magnetic nanorods. This method involves the synthesis of magnetic nanorods with high boiling point and different interaction condition. On the other hand, the interaction is based on phase separation and takes place in the interface of solid-liquid phase. In this context, Sun and colleagues worked on single-dispersive Fe 3 O 4 and MFe 2 O 4 nanocrystals [26] . Zeng et al. [27] synthesis Fe 3 O 4 nanorods by hydrothermal method with using surfactants and oleylamine reducing agent. The nanorods were grown in the (111) and (220) crystalline plates. In accordance with this method, we can see that the crystal plates are dependent to chemical activities of nanorods. Therefore, oleylamine has a very important role in the formation of Fe 3 O 4 nanorods because amines group in oleylamine are absorbed in certain crystal plates and slow the growth process but not related to the growth of other plates so we have different morphologies ( Figure 6 ). For synthesis of hematite nanorod, 0.25 mol L −1 of FeCl 3 solution was added into a beaker, followed by a dropwise addition of 8.5 mL of NaOH (2 mol L −1 ) and 8.0 mL of deionized (DI) water under vigorous magnetic stirring at room temperature. Similarly, in a separate beaker we created CTAB in different concentration (0.025, 0.05 and 0.1 mol L −1 ). Two solutions were slowly mixed together with continuous stirring. Then the transparent mixture was transferred into an autoclave with a capacity of 60 mL which was then tightly sealed. The sample was heated to 150°C and kept in an isothermal state for 6.0 h. Then the samples cooling down to room temperature naturally. The product was filtered and washed with deionized water for three times. The resulting solution and powder collected for further analysis ( Figure 7 ). 
Template mediated
Template mediated is another method for production of magnetic nanorods. This growth includes a coreshaped hole and defects within the template. The morphology of nanorods determined with core growth in initial template. Choose a suitable template will control the size and shape of the magnetic nanorods. This technique has advantages over other chemical methods, which include:
• The template used in the manufacturing process determines the final size and morphology of the nanorods.
• The complex nanostructures such as sliced nanorods, nano charter, hexagonal nanocubes and octahedral magnetic nanoparticles can be easily synthesized with controlled size and morphology.
Sander et al. [28] were able to synthesize metal pieces nanowires, polymer-magnetic and non-magnetic materials with controlled length. They were able to build a combination of rod-shaped structures that based on the deposition of hydrophilic and hydrophobic in the template of aluminium oxide. Because of the difference in the thickness of the layer of hydrophilic and hydrophobic, we will have the rod-shaped structures. However, this method has the disadvantage. First, it is a multistep process and required to be made initial template. So, the magnetic material must be deposited without the use of templates. In recent years, Hangarter et al. [29] tried to build iron, nickel and polypyrrole nanorods. In this way, the iron layer placed on aluminium sheets via deposition of materials. For the manufacture of nanorods, the materials deposited by electric methods to form the exact length of it during the deposition of metal or polymer. Finally, the template dissolved in solution to separate the iron layers from it. We can use electrochemical deposition for the formation of magnetic core nanorods near the edge. The surface energy is usually low in this process and the edge of the metal nanoparticles have a relatively high activity [30] . Wong and Mann [31] used this technique in biomedical applications with biomolecules template.
Hydrolysis method
For the synthesis of nanorods with a diameter of 3-20 nm and a length of 20- 2 are dissolved in distilled water. The mixture put under the stirring for 30 min after adding oleic acid to the sample. Then transfer the obtained sample to reflux and heat up for 12 h at a temperature between 85°C and 95°C in a water bath. The resulting dark-colored sediment is washed with distilled water several times and dried at 50°C for 3 h at lower pressure. In the other condition, nanorods with a diameter of 2-70 nm and a length of 6-400 nm can be achieved without the use of Fe 3+ . The morphology and size distribution of nanorods can be determined with TEM technique.
As you see, in Figure 8 (A), the obtained product is a combination of uniform rod-shaped structures and the diameter and length of them are 7-10 nm and 30-60 nm, respectively. Rod-shaped nanoparticles with length of longer than 100 nm can be obtained with increasing the molar ratio of Fe +2 : Fe +3 = 1 : 2. In Figure 8 (B), we see that the longer rods are formed with different amounts of Fe +2 ions.
Sol-gel
Many of the solutions that used in the synthesis of nanorods, may be thermal decomposition during the chemical interactions [19] . So, we have to follow the method that separate impurities from the surface of the nanorods. One of the most common chemical methods for the synthesis of iron nanorod is sol-gel method where iron ions often play the role of a reverse micelles. First, to form of iron oxide gel, we used propylene oxide as a precursor that with a series of chemical interactions with iron ions integrated gel is formed. For the synthesis of magnetic nanorods with sol-gel method we must consider several steps. The first step is production of integrated gel which done through transfer of protons in reverse micelles. The second part of the work consists of washing and drying the gel at room temperature. So far, by removing impurities crystalline gel is obtained. During the crystallization process, some gel particles by the aggregation transform in the nanorod shaped.
Co-precipitation
In general, magnetic nanorods of iron are shown special properties due to quantum size effects and unique shapes [33] . Iron oxide single crystal nanorods were synthesized through octadecylamine and CTAB. But no reports is not stated about changes in morphology during the annealing at high temperatures. In the present work we will try to injected cerium oxide to iron ions to form the nanorods. Nanorods are formed due to the heterogeneity of the metal core. Precursors used are 0.5 molar iron and Cerium (III) nitrate. First prepared 0.5 molar solution of cerium nitrate then put on a magnetic stirrer at room temperature. Iron nitrate solution with different concentrations added to cerium nitrate solution drop wise. Ammonia solution (28%) are added to the solution to reach the pH about 10.5 during the interaction. The resulting solution placed in the container and it will keep at room temperature for 24 h. The resulting precipitate is separated by centrifugation at 6000 rpm rate. The obtained nanorods washed several times with ethanol and deionized water until all impurities removed. Finally, the process of drying and annealing (T = 300°C for 3 h) of the samples is performed to determine the effect of temperature on magnetic nanorods.
Physical methods
In the physical methods, the magnetic nanorods are produced without reaction and only by physical processes. Some of the most important of these methods are electrospinning [34] , plasmon-enhanced spectroscopy [35] , Ultraviolet fluorescence [36] , adhesion [37] , novel flame-gradient [38] , and direct growth on Titanium foil [39] , adsorption [40] , layer by layer [41] and electron beam [42] .
Electrospinning
Electrospinning method in addition to being simple, is highly desirable to prepare of magnetic nanorods. So, a variety of metal oxides with different shapes such as wires, fibers, tubes and rods can be synthesized in this way. For example Fe 2 O 3 nanorods which contains nanofibers combined with uniform spherical nanoscale holes in amorphous matrix of carbon. This structure has the characteristics of one-dimensional materials and compliance with the mechanical stress that includes spaces with the presence of Fe 2 O 3 and carbon atoms. Therefore, it is expected that by sticking carbon to Fe 2 O 3 nanoparticles, the nanorod structure is ideal for electrodes applications such as LIB (Li-ion battery). For the formation of Fe 2 O 3 -C nanorods, the location of Fe(acac) 3 and PC nanofibers will be determined through the electrospinning process. In other words, the formation of FO x -C nanorods takes place in the nanofibers electrospinning precursor. To investigate the thermal behaviour, precursors of nanofibers heated at 500°C with H 2 /Ar gas ( Figure 9 ). 
Plasmon-enhanced spectroscopy
The general method for making iron oxide nanorods that orientation on a conductive substrate is as follows: First, we use an aqueous solution of (95 mL of distilled water with more than 15 MΩ/cm resistivity) FeCl 3 ·6H 2 O and sodium citrate (1 molar, pH = 15) then put the solution in an autoclave with a polycrystalline fluorine. Where fluorine and glass FTO are substrates. The substrate is immersed vertically into solution. The container placed in the dryer and heater at 100°C for 6 h. The obtained film was washed with distilled water and placed in an ultrasonic bath to be removed any additional sediment from it. Finally, the obtained sample was dried at room temperature. Iron oxide layer heated at 390°C for 1 h to obtain the desired phase. In the next step, the synthesis film put in a vacuum chamber (6-10 torr). It should be noted that the silver and AzoPTCD films were synthesized by physical vapour deposition (PVD) method with a thickness of 6 nm and 10 nm, respectively [35] (Figure 10 ). 
Ultraviolet flluorescence
The materials used in the present work are: Zinc acetate (99.99%), Allylamine, Hexadecylamine (90%) and octadecane (90%). All solvents are analytical and the synthesis conditions done in an argon atmosphere and a 50 mL three-neck flask. Balloons on the one hand connected to reflux devices. Also the temperature conditions controlled with immersion thermometer probe. Fe(CO) 5 and Zn(Ac) 2 precursor are in the argon atmosphere. In general, for the synthesis of ZnO-Fe@Fe x O y nanorods we use the seed grow in two-step process at high temperatures. Heterogeneous iron cores surrounded by zinc oxide nanorods. In the synthesis of ZnO seed, first, 600 g of hexadecylamine (22 mmol) placed in vacuum flask at 100°C for 30 min. Then the mixture is cooled in an argon atmosphere at 80°C. After this step, 2.05 g of Zn(Ac) 2 transferred from Argon gas chamber to the flask at a temperature of 80°C, immediately. The sample is placed at 240°C and annealed for 10 min. During this process, the initial yellow solution changes to white and dark. At the end of the heating, the mixture is cooled at 80°C. Finally, after washing the products collected in environmental conditions. 2-propanol added to a solution of ZnO and precipitation collected by centrifugation at 6000 rpm for 15 min. In the second step, the same amount of hexadecylamine and 0.83 g of oleylamine are placed at temperatures above 280°C. For seed growth, 41 mg of ZnO nanorods with specific sizes is added in 20 mL of octadecene under magnetic stirring. The above mixture is degassing for 30 min at 120°C and then heated in an argon atmosphere at temperatures above 235°C. Then 1 mL of 0.5 M solution of Fe(CO) 5 is added to the flask. Iron precursor interact with the mixture at a temperature between 20°C and 40°C and then turns around slowly to its initial value. When adding Fe(CO) 5 , the white steam is seen and after a few minutes the colour of the solution reaches from white to dark brown which indicates decomposition of Fe(CO) 5 and formation of metallic iron core. After annealing for 1 h, iron nanorods grows and Fe x O y shell is completed. the primary form of iron can be built by cooling the mixture to a temperature of 120°C and putting it in the air for 1 h (Figure 11 ). 
Adhesion
All reagents are biodegradable and can be used without requiring purification. In a very simple method 0.015 mol of FeCl 3 ·6H 2 O, 0.6 g of PVP added to 30 mL of distilled water and placed under the rotation by magnetic stirrer to be homogeneous. After transferring the sample to autoclave, we cleaning the substrate for 10 min with acetone, ethanol and distilled water in an ultrasonic bath with a frequency of 50 kHz. Then put the substrate in a solution vertically. The sample is placed in an autoclave at 120°C for 8 h. After hydrothermal processes, the temperature of autoclave slowly cool to room temperature and substrate is removed from solution to dry after washing with distilled water at 80°C. Chemical precipitation collected by centrifugation and washed several times with distilled water, ethanol and again dried at 80°C. Finally, a film of Fe 2 O 3 nanorods will be shaped by calcination of substrate at 600°C for 2 h. To provide a hydrophobic surface, the resulting film soak on n-hexane solution for 5 h at room temperature and then dried under nitrogen gas ( Figure 12 and Figure 13 ) . [36] .
DE GRUYTER
Ramzannezhad et al. Novel fllame-gradient Figure 14 shows the temperature gradient method for synthesis of iron oxide magnetic nanorods. Counter flow is composed of two gas parts where the source temperature (Methane seed by 4% acetylene) located at the top and a mixture of 50 percent of oxygen and nitrogen is used at the end of it. The thickness of the upper side and the bottom of nozzle is 40 mm. Details about temperature gradient method was expressed by Beltrame and his colleagues [43] but experiments with constant temperature and velocity in 20 s −1 rate of stretch were also performed. Probes with high purity of metal such as iron, molybdenum and tungsten tube is heated through chamber. The position of the probe in the Z direction is measured from the top of the nozzle. All kinds of metal probe were investigated to change the bulk in the two-dimensional and three-dimensional structures of metal oxides through the interaction of temperature probes. The results of synthesis is influenced by two important factors: the first factor is structural and thermal properties of test probes and other is a strong temperature gradient. It should be noted that for the synthesis of iron oxide nanorods, the melting point of iron is appropriate and its cubic crystal structure is similar to molybdenum and tungsten. So, as you can see in the Figure 14 , Iron probes at a suitable temperature cause a thin layer is formed at a high level of probe ( Figure 15 ). 
Direct growth on Titanium foil
In this method, two solution consists of 0.946 g FeCl 3 ·6H 2 O and 0.479 g Na 2 SO 4 put under rotation by magnetic stirrer. We add distilled water until the volume of the solution reach to 70 mL. After 10 min, the titanium substrate is placed against the walls. Then the solution placed in the autoclave for 6 h at 120°C. It should be noted that we need to avoid adding additional HCl to changes in environmental conditions. The Na 2 SO 4 can be considered as a factor in the steady growth of one-dimensional nanorods. After decrease the temperature to room temperature, we need to wash the substrate with distilled water several times and dry it at 60°C. After 15 min using ultrasonic bath can increase adhesion the substrate. In the next step, the solution deposition cooled, then washed with distilled water and ethanol and finally, dried in vacuum oven. (Figure 16 ). 
Adsorption method
To synthesis a combination of iron oxide, magnesium and silica nanorods (IO@MgSi), first prepare Fe 3 O 4 magnetic nanorods by hydrothermal method. 4 mmol of FeCl 3 ·6H 2 O and 6 mmol of sodium citrate solved in 35 mL of distilled water and then we add 5 mL of ethylene diamine into the solution. After 30 min of centrifugation, the solution transferred to autoclave and put in it for 10 h at 200°C. Then collected the red sediment of obtained product and washed it with distilled water and ethanol. Finally, the sample dried in a vacuum oven for 6 h at 60°C. In the next step, we synthesised Fe 3 O 4 -SiO 2 nanorods. First, 0.15 g of Fe 3 O 4 sediment from the previous step solved drop wise in 160 mL of ethanol, 40 mL of water, 2 mL of ammonia and 1 mL of TEOS. The sample put on a magnetic stirrer for 6 h. Then Fe 3 O 4 -SiO 2 nanorods separated from the rest soluble by centrifugation. The sample is obtained after washing three times with distilled water and drying for 8 h in a vacuum oven. For the synthesis of iron oxide in the final step, Fe 3 O 4 -SiO 2 spheres are templates. We solved 0.05 g of it with 1.35 g of urea and 0.13 g Mg(NO 3 ) 2 ·6H 2 O in 40 mL of distilled water and 20 mL ethanol. The solution is heated for 24 h at 190°C and the resulting compound are separated from the solution using a centrifuge. Then the samples are washed three times with distilled water and ethanol and put 10 h in a vacuum oven to dry completely. The following figure shows the steps of construction (Figure 17-Figure 19 ). 
Layer by layer
We use layer by layer method for synthesis of Fe 2 O 3 self-assemble nanorods on the FTO anodes. Precursor in present work are; FeCl 3 , (NH 2 ) 2 CO and NaH 2 PO 4 ·2H 2 O. We can solve them with a mole ratio of 1 : 1.1 : 0 in distilled water at concentrations of 0.01 molarity. Solution takes place in the steam boiler for 3 days at 100°C. Then the samples are cooled to room temperature after the aging process. In the next step, we are centrifuged samples for 15 min at 10,000 rpm. The resulting precipitate is dispersed in water using an ultrasonic bath. Washing process is repeated at least five times to obtain hematite thin nanorods.
The magnetic nanorods are dissolved in distilled water to build layer by layer of Fe 2 O 3 nanorods. After making of multi-layer films, we can be a single layer formed according to the following steps:
First, ITO anodes are immersed in 3.95 percent ethanoic acid and potassium hydroxide and distilled water for 5 min. Then put the electrode for 5 min in ethyl alcohol and distilled water. Finally, ITO electrode hematite nanorods immersed in a saturated solution of positive and negative charges (0.1 mg/mL) [45] . The absorption time at each step is 20 min. So, after washing ITO with water, any additional chemical substance was separated and finally dried at room temperature.
Electron beam
In Figure 20 , the field emission scanning electron microscope is shown at 30 kV. The position of the beam can be controlled by changing the voltage and data displayed by a computer. Gas systems is including pipes with a diameter of 2 mm, the long gas pipe, valve and the gas tank. The top tube is about 1 mm above the electron beam. Fe(CO) 5 gas placed into the sample chamber and put the partial pressure of gas in the 7 × 10 −5 Pa. At room temperature obtained nanoparticles, rod and tetragonal shape of nanostructures on a silicon substrate. Electron beam current and beam diameter are 0.8 nA and 4 nm, respectively. Electron beam position of the substrate is transferred to a vacuum to form a nanostructures. We obtained characteristics of layers by transmission electron microscopy and field emission electron gun in ultra-high vacuum (UHV) [47] . Temperature is transmitted through the chamber. The sample heating for 1-2 h to a temperature higher than 600°C. The pressure in the vacuum chamber is the order of 10 −7 Pa. At a voltage of 300 kV of field emission electron gun includes an electrode wires and electrode with a solid foundation in its side. During electron holography, the objective lens is turned off and a small objective lens is hologram axis on the under of other lens. Samples are placed in objective lens of magnetic field transmission electron microscope where the magnetic flux density and the angle of inclination are about 2 Tesla and 30 degrees, respectively. As you can see in the Figure 21 , component of the magnetic field is parallel with the growth of the nanorods and its value is about 1 Tesla. In TEM image, you see the nanostructures formed near the substrate at room temperature on silicon substrate which is achieved by moving the beam from the edge of the carbon film in a vacuum and at a speed of 2-3 nm s −1 . Lines width is 30-50 nm and the nanorods are taller and thinner with increasing scan rate. Layers shape depends on the secondary electrons emitted from substrate. After the electron beam passing through the edge of the substrate, the nanorods grow by produced secondary electrons. As a result, the ratio of width to its length always remains constant. It will be of great value considering the proposed synthesis method [48] . In Figure 22 , the obtained thickness is about 150-250 nm by using electron holography. In the Figure 23 , you can see TEM image of the nanostructures formed on the silicon substrate before and after heating at 600°C for 2 h. The overall shape of the nanostructure is retained by heating while its width has widened and the rings inner diameter also becomes smaller. So, nanorods retain their shape due to the strong bond with silicon thin film edge. It is necessary to mention, all nanostructures change the phase by heating to alpha phase of iron oxide. 
Physicochemical methods

Photoelectrochemical method
Vayssieres and his colleagues presented the manufacture of magnetic nanorods in this way [47] that based on a series of thermodynamic processes to reduce the interfacial tension of water-oxide. This method can control the formation of the core, growth and other processes associated with the particle size. In fact, control of crystalline structure and arrangement of atoms along the surface of a nanostructure determines their physical properties. In magnetic materials, the atoms located on the surface play an important role due to the high surface-to-volume ratio of magnetic nanorod. One of the magnetic characteristics of nanorods is remnant magnetizations which is dependent on the crystal orientations. Generally, the crystalline growth of the higher layers will be affected by the lower layers. Therefore, the remnant magnetization variation is responsible for the behaviour of the magnetism system.
The results have been favourable in terms of control the morphology, porosity, crystallinity phases and eventually characteristics of metal oxide nanostructured thin films [50] . Photoelectrochemical experiments were carried out on thin films of hematite which contains nanorods with a radius of 50 nm and length of 500 nm. Each rod is made of fibers with a diameter of 3 nm which can be orientation either parallel or perpendicular to the substrate. In the below figure, the orientation of the nanorods is in two modes. Before each test we have to see the thermal behaviour of hematite thin films at 550°C for 1 h. The thickness of film is about 0.1-1.5 μm that are stable chemically, thermally and mechanically. The electrodes are contact with copper wire through conductive silver. To avoid exposing the conductive substrate (F: SnO 2 ) with a solution, some areas of substrate are insulated. The synthesized samples and electrodes placed in a 0.5 molar solution and temperature at around 80°C ( Figure 24 and Figure 25 , Table 1 ). 
Synthesis method
Magnetic properties of nanorods Ref.
Thermal decomposition
The magnetic properties of nanorods were strongly dependent on whether it was in the bulk, large coercive field and μ = 350 emu/mol at 15 K for our FeP nanorods [21] , [22] , [23] Magnetic nanorods with low internal resistance, the high sensibility and the large active electrode areas [45] Electron beam The residual magnetic flux density Br of alpha-iron nanorod has a smaller Br value than the as-formed nanorod [46] , [48] Photoelectrochemical Improvement of two orders of magnitude in the IPCE values for EE illumination, better electron transport along the nanorods due to fewer grain boundaries.
[49], [50] , [51] T B , Blocking temperature; K, the magnetic anisotropy constant; M s , saturation magnetization; M s , saturation magnetization; H c , coercivity; M r , remnant magnetization; H s , saturation field.
The use of magnetic nanorods in medical sciences
In recent years, magnetic nanorods have shown many applications in industry, high-density magnetic storage devices, photograph, catalysts, and cooling devices, electronic components as photocatalyst, Gas sensors, and electrodes in lithium ion batteries and in medical diagnostics [52] . Surface chemistry can play an important role in the toxicity of magnetic nanorods, in addition to the ability to affect material stability. One of the characteristics of magnetic nanorods that can affect toxicity is charge of the ligand molecules located on the surface of nanorods. Regarding the factorization of nanorods, which is usually carried out by surface active agents (such as CTAB) we see electrostatic interactions between the surface charge of active agents and biological samples. Therefore, it is expected that one of the important factors that affect the toxicity of functionalized nanorods can be related to the aspect ratio of nanorods. In other words, further coating of the surface of magnetic nanorod with active agents can prevent more toxicity and cell death by changing the nanorods aspect ratio. As a result, the functionalization of magnetic nanorods improve biocompatibility, biological properties and reduces toxicity. Diagnostic applications of nanorods in medicine depends on their physical and chemical properties which can include chemical composition, size, uniformity, homogeneity of crystal structure, magnetic properties, surface characteristics, adsorption, biocompatibility, roughness, flexibility, solubility and low toxicity [53] . Many of these features are effective when the nanorods show superparamagnetic behavior in a magnetic field [54] . So, in this situation each sample which has a better surface to volume ratio, nontoxic and biocompatible properties will be more favorable for biological systems [55] . In this section, we illustrate the use of magnetic nanorods in medicine.
Diagnostic nanosensors based on biomarkers
Conventional methods for disease diagnostics such as tissue biopsy, detection through blood and medical imaging have disadvantages including being costly and not available to many people [56] . So, it cannot be very useful in the first step. Biomarkers are one of the appropriate options in biological diagnosis [57] . In other words, biomarker refers to a measurable indicator of some state and biological conditions which can be proteins, DNA/RNA or organic chemicals is caused by abnormal cells [59] . The main advantage of biomarkers is early diagnosis and appropriate measures to deal with the disease [59] . Detection methods especially for cancer detection are based on endoscopy, tomography, X-ray, positron emission, mammography and magnetic resonance imaging [60] which were more common in the past, but not available to the public and not applicable in the initial step of diagnosis. Current methods for detection of specific biomarkers are done by enzyme-linked immunosorbent assay (ELISA) test typically. It contains specific antibodies for biomarker and the detected signals. In recent years, nanorods, nanowires, nanotubes and thin films are used to detect disease in nano sensors [61] . But nanosensors that work with magnetic nanorods can establish better bonds with target ligands. The ligands find specific indicators and give it to nanobiosensor. The nanorods improve the characteristics associated with the diagnosis, such as reactivity, electrical conductivity, strength, magnetic properties and high surface area to volume [62] . The nanorods identify biomarker in a wide range of sample when the ratio of surface to volume is higher. It was not possible to detection the biomarkers in the past therefore, nanotechnology has optimized this new feature in many nano structures for commercial applications. The diagnostic model can be divided into four main groups which include; Optical, Mechanical, Electric and Magnetic diagnosis [58] . The following conditions are necessary for a nanosensor to have a proper diagnosis. (a) Initial diagnosis, (b) simple and low cost and (c) the ability to identify the range of specific target and tissues.
To achieve a detection signal we have to synthesize particles with the ability of reproduce. If the particles are not synthesized in the same basic way, we have a variety of signals which limited in term of production capability and sensitivity. The main signals in optical detection is linked to the stability of particles. The Electrical and mechanical diagnosis will not have some of the problems in optical detection due to control of the sample in initial test. But it should be noted that other detection methods such as magnetic resonance require to expensive equipment and signals. So, we have to build nano sensors that have the desired output and be effective in maintenance of devices. The solution that offers from nanotechnology is control of the interaction signal between nanomaterials and environment to fabricate nanosensors with high sensitivity for the detection of diseases. For this work we should pay attention to the reaction of the nanoparticles in vivo and their toxicity.
Magnetic nanobiosensors
In this way, the magnetic nanorods are absorbed to DNA proteins. After gathering them by magnets, the varying amounts of the protein are released. One of the proteins that can be used in the detection is green fluorescent protein that emits green light with ultraviolet radiation. This protein is used in biosensors due to low cost and simplicity with elements such as arsenic and cadmium. Magnetic nanobiosensors can also measure the toxicity of metals suspended in water based on response speed and sensitivity of measurements. Characteristics of magnetic nanorods in the biological area is related to the following.
Magnetic properties of nanorods, separation of trapped molecules from the liquid phase and fluorescence emitted of magnetic nanorods by thermal reaction which leads to easy separation of the particles by magnets.
By adding water, the proteins are separated from the elements and the fluorescent intensity changed with concentrations of arsenic and cadmium. Another method is absorption determination or optical density of sample at a wavelength of 600 nm (OD600) for estimating the bacterial concentration or the concentration of other cells in the fluid. The advantages of fluorescent method are low cost and portability while some methods are not desirable in determining the quality of metals in low concentrations. Other methods such as voltammetry have a rapid process but they have limits of detection. In general, the limit of detection of magnetic nanobiosensors with thermal response is further from voltammetry. The important parameters in the process of diagnostic are particle size and surface to volume ratio.
Multi-parameter detection
Iron oxide nanostructures have been synthesis in different size, shape and composition. Due to differences in magnetic effects of rods and spherical shape of nanoparticles, more of them are used as a good option for diagnosing a variety of biological molecules. Separation of nanorods in water is an important factor in biological applications that is obtained by switching the ligands with the surfactant in surface of nanorods. After synthesis of iron magnetic nanorods CA ligand is added to the solution. Figure 26 , shows the TEM image of Ferrite nanorods before and after coating nanorods with CA. The presence of catechol ligand (CA) and bond them with iron oxide is the one of the main reasons for stability of nanorods with CA coating agent in room temperature [63] . This stability is often referred to as inter-particle electrostatic desorption. Its range is determined by the negative values of zeta potential. Figure 27 shows the infrared spectrum of spherical nanoparticles coated with oxalic acid (dash) and spherical nanoparticles, hexagonal, cubic and rod-shaped coated with catechol (red, green, blue and yellow, respectively) along with the whole of oxalic acid (dark spots) and net catechol (red dots).
Figure 27:
The infrared spectrum of oleic acid (black dots), nano-spheres coated by oleic acid (black line), and spherical nanoparticles, hexagonal, cubic and rod-shaped coated with CA (In figure include red, green, blue and dark yellow colours, respectively) [63] .
Some of the differences are due to form of nanoparticles under the stretching bond of Fe-O. Spherical, hexagonal and cubic shape of nanoparticles (Figure 27 lines of red, green and blue) show peak at 558 cm −1 that attributed to vibrational bands of magnetite Fe 3 O 4 and Fe-O and the other peak at 617 cm −1 is Maghemite γ-Fe 2 O 3 phase [64] .
The magnetization figure of rod-shaped nanoparticles show ferromagnetic behaviour in a weak inhibitor field in H c = 4/4 kA m −1 . The following figure shows the magnetic behaviour of nanorods coated with oxalic acid that have been dispersed in cyclohexane (black curve) and water (red curve). Comparison of the effects of magnetization represent the magnetic detection in very small magnetic fields which the slope of magnetization plays a fundamental role. Small changes in the magnetization depends on the shape of the magnetic nanorods. Changing the OA and CA ligands increasing signal strength and reducing the width of each peak due to the signal amplitude (S ptp ) and difference between each peak from the line width (ΔH max ). By comparing the red curve of Figure 28 , we find that the S ptp are the same for spherical, rod and hexagonal magnetic nanoparticles but ΔH max reduced from hexagonal to spherical and this amount is small for magnetic nanorods. The thickness of crystallinity for the three particles is 12 nm that distinguishes these from the surface to volume ratio. The magnetic nanorods have a higher surface to volume ratio compared to spherical and hexagonal magnetic nanoparticles. So, S ptp and ΔH max depends on the thickness and surface to volume ratio of nanocrystals. Residual effects of nanocubes are far greater than the spherical, rod-shaped and hexagonal nanoparticles. Thus, according to the above we can say that the nanoparticles in different morphology have a two major role. One as probes due to special magnetic properties and the other for the detection of biological molecules such as antibodies and nucleic acids. The relative intensity of each peak to the width of the background is variable from 7.1 (nanorod) to 7.5 kA m −1 (nanospher). As a result, spherical and rod-shaped of magnetic nanoparticles can be used as a degradation signal for multi-parametric tests. In multi-parametric preliminary tests two types of magnetic nanorods are combined at two different ratios. Figure 29 shows the effects of combination of two types of spherical and rod-shaped magnetic particles in (a) and (b) samples. 
Quality of images
The reflectivity of the rods and the quality of the display is changed by changing the orientation of the nanorods. Each part of an image composed of pixels with nanometre-sized. In some field emission TVs, pixel show better when electrons passing through a high-flow gap. One of the benefits of flexible nanorods is improvement quality of industry to prevent customers from more pay. The structure of the semiconductor nanorods is based on a bond between the nanorods and the semiconductor layer in a solar cell. By changing the diameter of the nano-rods along its length, we have more absorption and efficiency for pieces which is performed by applying a strong electric field and confinement of carriers in different directions.
Detoxify from biological flluids
There are several ways to keep the toxic cells from biological fluids. Some of them are:
• The use of cell surface antigens to form a bond with nano cell
• Magnetic nanorods coated with antibodies to destroy the mucosal surface antigen
The size of the nanorods varies from 50 nm to a few microns. Mainly, the matrix of this material is included silica and polystyrene. Vertebrae are bound to mucosal cells when a blood sample overlaps with specific antigen. Then, these cells can be washed several times in the purification magnet. In all these cases purity, restoration rate and cells isolation are dependent on the number of washing steps, buffers and specificity of beads.
Magnetofection
In this method, the magnetic nanorods transmitted into cells with using magnetic field. For this purpose, the magnetic nanorods are coated with polyethylene glycol cations. This system can be easily correlated with DNA negative charges, since the magnetic nanorods are positive charge in the presence of polyethylenimine [64] . This process will increase efficiency several times. Nucleic acids can be abandoned magnetically, because this method due to being quick, easy and low saturation level is performed in vivo and non-viral environment [65] , [66] . Furthermore, cell transfer process is not virtual because magnetic nanorods may not reach the receiver or protein cell. Thus, the cell transfer process not be permitted normally [67] . In recent years, Kurtz et al. [68] performed the gene transfer process on endothelial cells with this method. With all these interpretations, one of the problems that may exist in the above method is increase the toxicity that recommended to use the p-type of DNA for effective transfer. In other research, they used the same technique to transfer ODN with low toxicity in vivo and in vitro environments. The target identify with proteins in vivo environments but MF antigens excited oxides after 24 h.
Photocatalytic applications of magnetic iron nanorods
In recent years, hematite nanorod were synthesized by hydrothermal method. The α-FeOOH nanorod were obtained with a uniforms structure and high surface to volume ratio. α-Fe 2 O 3 nanorods were synthesized with calcination of α-FeOOH nanorods. Photocatalytic activity of α-Fe 2 O 3 nanorods was determined by measuring the absorbance in the presence of H 2 O 2 and visible light. Before irradiation, the suspension contains 100 mL of rhodamine B and 50 mg of the product were under magnetic stirring for 60 min to reach equilibrium absorption and desorption at room temperature. After the suspension was exposed to visible light with magnetic stirring, xenon lamps with a power of 300 watts used for transmitting visible light. We centrifugation 4 mL of each sample at different times to separate the nanoparticles. UV was used for characterization of remains floating on water. Figure 30 shows the optical absorption properties of α-FeOOH and α-Fe 2 O 3 nanorods calcined at 400-700°C in the absence or presence of NaCl in the wavelength range of 200-800 nm. neighbouring cations which coupled magnetically. In Figure ( a), two strip broad absorption band of α-FeOOH nanorods mainly located in an area away from UV. One of these bands located at wavelengths of 280-300 nm and the other of 360-380 nm which is similar to the absorption band of α-FeOOH nanoneedles [72] . There was no specific absorption in the visible regime but according to Sherman and colleagues [73] we can say that the intensity of α-Fe 2 O 3 nanorods is greater than α-FeOOH nanorods. α-Fe 2 O 3 hole nanorod that had been calcined 400°C or α-Fe 2 O 3 nanohols at 700°C were calcined in the presence of NaCl, showed similar absorption bands in the UV spectrum. The absorption band from 240 to 350 nm can be attributed to Fe 3+ ligands. There are two broad bands in the visible wavelength region from 400 to 600 nm which is dedicated to the field transition of Fe 3+ . α-Fe 2 O 3 nano-holes show stronger absorption than α-Fe 2 O 3 nanorods in the range of same wavelengths. As shown below, the holes of α-Fe 2 O 3 nanorods which are calcined at 400°C have a higher length and surface to volume ratio. So, more absorption of α-Fe 2 O 3 nano-holes which are calcined at 700°C is attributed to the effects of size and crystallinity. As a result, it can be said that the photocatalytic properties depend on the size and crystallization of hematite nanorods [74] (Figure 31 ). α-Fe 2 O 3 rod-shaped nanoholes are used in catalytic activity under visible light. The UV-vis are shows (A) holes and (B) α-Fe 2 O 3 rod-shaped nanoholes. Strong absorption in the visible region have poor absorption in the UV region. We see strong and weak absorption in the visible and UV region, respectively. As you consider, the absorbance at 554 nm is related to the presence of RhB pollutants molecules. With increasing the irradiation time, the absorption peaks of whole nanorods and nanoholes are weak and the position of the absorption peaks goes to the lower wavelengths. In this case, chromophores numerous and RhB aromatic ring molecules are destroyed [75] . Also in Figure ( 
Microbial fuel cells (MFC)
Microbial fuel cells are bio-electrochemical devices that can be used through electrochemical interactions and micro-organisms that produce electricity. We use Fe 2 O 3 and chitosan nanorods with ITO electrodes to improve the output energy of the system. The synthesis method is based on layer-by-layer self-assembly with ITO electrode as anode. In this process, used a high concentration of Fe 2 O 3 nanorods with a polymer to produce better quality of output electricity by changing the anode (Figure 33 ). In the current vs. time graph we see that more current is generated by changing the anode but MCF along with (Fe 2 O 3 /CH 4 )/ITO shows much more current because α-Fe 2 O 3 nanorods make electron conduction band at more wavelengths of 420 nm [76] . The MFC that their anode is ( We use CV technique to investigate the effect of ITO coating with α-Fe 2 O 3 nanorods by electrochemical method. As you consider, the obtained results in accordance with current whole-time data with 0.1 V/s scan rate. In addition to viewing the redox processes, we have seen a significant increase in anodic and cathodic peak of Fe 2 O 3 /CS ITO electrode. The highest peaks of oxidation-reduction are related to the MFC that their anode is (Fe 2 O 3 /CS) 4 /ITO. However, the MFC with (Fe 2 O 3 /CS) 6 /ITO anode has more oxidation-reduction peaks than (Fe 2 O 3 /CS) 2 /ITO. So, change the anode in two layer Fe 2 O 3 /CS are similar to the results of a six-layer mode. In fact, increasing the anodic and cathodic current peaks can depend on several factors. The first is increasing the Fe 2 O 3 deposited nanorods on an electrode surface which is a slight increase in current due to electrical conductivity. The next factor is the active electrode. Oxidation-reduction peaks are moving slowly with different numbers of Fe 2 O 3 /CS several layers. These factors could be due to the microscopic roughness of the electrode surface ( Figure 36 ). So, MFC with (Fe 2 O 3 /CS) 4 /ITO anode have more ability to produce higher currents because they have less internal resistance, higher sensitivity and higher active electrode surface. In addition to the above, the number of bacteria attached to the (Fe 2 O 3 /CS 4 )/ITO electrode is more than any other. Therefore, the Fe 2 O 3 nanorods made by LBL are ideal candidates for the production of electricity by the MFC.
Conclusion
In the present work we refer to methods of synthesis and application of magnetic nanorods. The intensity of the interactions between nanorods effects on the magnetic behaviour of microscopic system due to the magnetic properties of nanorods and various chemical and physical methods in the fabrication of magnetic nanorods. Overall, in this review we investigated developments, methods of synthesis and various applications of magnetic nanorods in the field of nano-medicine.
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